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TRACHEA PRESSURE DETERMINATION METHOD AND
DEVICE

BACKGROUND

The present disclosure relates generally to medical devices and, more

particularly, to airway devices, such as tracheal tubes.

This section is intended to introduce the reader to aspects of the art that may
be related to various aspects of the present disclosure, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader
with background information to facilitate a better understanding of the various
aspects of the present disclosure. Accordingly, it should be understood that these

statements are to be read in this light, and not as admissions of prior art.

In the course of treating a patient, a tube or other medical device may be
used to control the flow of air, food, fluids, or other substances into the patient,
For example, tracheal tubes may be used to control the flow of air or other gases
through a patient’s trachea and into the lungs, for example during patient
ventilation. Such tracheal tubes may include endotracheal (ET) tubes, tracheotomy
tubes, or transtracheal tubes. In many instances, it is desirable to provide a seal
between the outside of the tube or device and the interior of the passage in which
the tube or device is inserted. In this way, substances can only flow through the
passage via the tﬁbe or other medical device, allowing a medical practitioner to
maintain control over the type and amount of substances flowing into and out of

the patient.

To seal these types of tracheal tubes, an inflatable cuff may be associated
with the tubes. When inflated, the cuff generally expands into the surrounding
trachea to seal the tracheal passage around the tube to facilitate the controlled
delivery of gases via a medical device (e.g., through the tube). For intubated
patients, the flow rate and volume of gas transferred into the lungs, which may vary
according to the condition of each patient, may be controlled by the settings of a
ventilator. One factor that is used to determine the ventilator settings may be an
airway pressure measurement, which is typically obtaining by measuring the

pressure along the breathing circuit (e.g., medical tubing connecting the fracheal
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tube to the ventilator) at a point outside the patient. Airway pressure measured in
the breathing circuit at a point outside the patient may be a useful surrogate for the
pressure in the lungs, which may in turn be used for calculating a number of

ventilator settings, for example settings involving pressure limits.

5 However, in circumstances where the internal diameter of the tracheal tube
is diminished, for example through the buildup of mucosal secretions that may
partially block the airflow passage of the tracheal tube, the lung pressure may be
lower than the airway pressure measurement taken outside the patient.
Accordingly, an airway pressure measurement may not always serve as a reliable

10 substitute for lung pressure measurements.
BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the disclosure may become apparent upon reading the

following detailed description and upon reference to the drawings in which:

FIG. 1 illustrates a system including an endotracheal tube with a pressure

15  transducer according to embodiments of the present techniques;

FIG. 2A is a perspective view of an endotracheal tube that may be used in
conjunction with the system of FIG. 1 according to embodiments, and FIG. 2B is a

detail view of the cuff area of the tube;

FIG. 3 is a perspective view of an endotracheal tube with a secondary

20 inflation cuff that may be used in conjunction with the system of FIG. 1,

FIG. 4 is a flow diagram of an exemplary method for deriving pressure

values;
FIG. 5 is a plot of exemplary calibration curves for a set of cuffs;

FIG. 6 is a flow diagram of another exemplary method for deriving
25  calibration factors for a method involving measuring pressure through a secondary

cuff;

FIG. 7 is a perspective partial cutaway view of a calibration structure for

lung pressure determination;
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FIG. 8 is a flow diagram of another exemplary method for deriving
calibration factors for a method involving measuring pressure through a primaty

cuff;
FIG. 9 is a plot of a family of calibration curves for a single cuff;

FIG. 10 is a flow diagram of another exemplary method for deriving
calibration factors for a method involving measuring pressure through a secondary

cuff;
FIG. 11 is a plot of exemplary calibration curves for a secondary cuff;

FIG. 12 is a flow diagram of another exemplary method for deriving
calibration factors for a method involving measuring pressure through a primary

cuff; and
FIG. 13 is a plot of exemplary calibration curves for a primary cuff.
DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

One or more specific embodiments of the present disclosure will be
described below. In an effort to provide a concise description of these
embodiments, not all features of an actual implementation are described in the
specification, Tt should be appreciated that in the development of any such actual
implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it
should be appreciated that such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure.

Because direct measurements of the pressure in the internal space of the
lungs is difficult, clinicians and respiratory specialists may use surrogate
measurements of pressure along various points of breathing circuit or the patient’s
airway to estimate the lung pressure. The lung pressure estimates may then be used

to determine the efficacy of the ventilation (e.g., the dynamic intrapulmonary
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compliance) and, in some cases, may be used to control the settings of a ventilator,

either manually or automatically, to provide a clinical benefit to the patient.

Airway pressure may be estimated by using measurements of pressure
taken along various points of the breathing circuit that are proximal to the tracheal
tube. For example, such measurements may be used to assess a patient’s work of
breathing, which may include the airway resistance during movement of air into
and out of the lungs. If the work of breathing of the patient increases, clinicians
may assess whether the increase is due to increased airway resistance in the patient
(e.g., stiffened lung tissue, which may be related to a clinical condition) or
increased resistance in the tracheal tube due to buildup of biofilms on the inner
diameter of the tube. Because airway pressure measurements taken proximal to the
tracheal tube may not provide information about resistance built up distally, either
in the patient or in the tube, trachea pressure measurements may provide
information to the clinician about airway or tube-originated resistance. Trachea
pressure may refer to pressure in the airway space below the cuff or near the distal
tip of the cuff. With this information, when a patient’s work of breathing
increases, the clinician knows if it is due a change in the diameter of the tracheal
tube or a change in the patient’s respiratory system. If the resistance buildup is at
least in part due to the tracheal tube, he may take action to suction secretions or
increase the peak inspiratory pressure to overcome the increased resistance in the
tracheal tube. If the work of breathing increase is due to the patient’s respiratory
system, he may deliver medication to the patient or change the ventilator settings.
Tube-based increased work of breathing may be associated with patients who are
relatively healthier than patients whose airway resistance has increased the work of
breathing. Using such information may allow the clinician to more accurately

assess when a patient is ready to come off of ventilator-assisted breathing.

In particular, because the internal diameter of tracheal tube may change
during the time that the patient is intubated, for example through the buildup of
patient secretions within the tube, measurements taken upstream of the tracheal
tube in the breathing circuit may not be reliable for estimating pressure in the
lungs. In certain embodiments, a measurement of tracheal pressure may be used as

a surrogate for lung pressure or other pulmonary pressure measurements. The
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tracheal space is contiguous with the lung space, and tracheal pressure may be a
more reliable measurement than measurements taken far upstream along the
breathing circuit. Trachea pressure may be determined either directly with pressure
transducers inserted at the distal end of the endotracheal tube or indirectly through
measurements of pressure inside the cuff. Direct measurements may be difficult to
obtain during long-term monitoring situations, because pressure fransducers
incorporated into the distal end of a tracheal tube may become covered in mucus or

secretions, resulting in unreliable measurements.

Changes in tracheal pressure may be determined from changes in the
interior cuff pressure (Peypr). Such determinations may exploit the relationships
between changes in intracuff pressure and tracheal pressure, although they should
account for the complexities of the relationship. The intracuff pressure may be
changed by the pressure exerted on the underside of the cuff (e.g., against the
annular area of the cuff between the trachea wall and the tube) during inhalation
and exhalation. Cuffs with more surface area exposed to the trachea (i.c., around
the tube) may be influenced differently than cuffs with less exposed surface area.
The amount of surface area exposed to the sealed space in the trachea may
influence the surface area exposed to the airway. Other factors that influence
measured intracuff pressure may vary from cuff to cuff (e.g. manufacturing
variability, cuff geometry, cuff materials) and patient to patient differences (e.g.,

trachea size).

Accordingly, the disclosed embodiments provide a more accurate method
and system for determining trachea pressure by obtaining a measurement of
pressure within the inflated cuff. This measured pressure may be used in
conjunction with predetermined calibration values or predetermined calibration
curves to estimate pressure in the fungs based on the intracuff pressure. Such
calibration coefficients or curves may account for differences between various cuff
sizes and geometries, which may be related to the amount of exposed surface area
on the underside of the cuff, The resulting calibration may be used to determine a
more accurate estimate of trachea pressure, which in turn may be used to control a

ventilator and provide breathing assistance to a patient.
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In certain presently contemplated embodiments, the calculated trachea
pressure based on the intracuff pressure may be used to evaluate, adjust, or cotrect
airway pressure values obtained along the breathing circuit or iracheal pressure
values. For example, if the estimate of trachea pressure based on intracuff pressure
varies significantly from the airway pressure measured upstream at a point closer to
the ventilator, a clinician may be able to determine that the tracheal tube is blocked
with secretions or other buildup, or that some other condition has developed, which

may involve action by the clinician,

Also provided are tracheal tubes with couplers or other connectors
including information elements, e.g., memory devices, for storing the calibration
information or for providing information to an associated memory device relating
to calibration. The tubes may be configured to communicate with appropriately
configured (i.e., programmed) medical devices to access and use the calibration
information in the determination of lung pressure. Such tubes may allow
calibration at the level of an individual tracheal tube to account for changes in tube
geometry and manufacturing variability factors. Tn addition, tracheal tubes may be
provided with a primary inflation cuff that may be inflated to seal against the
tracheal walls and one or more distal secondary calibration cuffs that may be used

to determine the tracheal pressure.

In certain embodiments, the disclosed tracheal tubes, systems, and
methods may be used in conjunction with any appropriate medical device,
including a feeding tube, an endotracheal tube, a trachcotomy tube, a circuit, an
airway accessory, a connector, an adapter, a filter, a humidifier, a nebulizer, nasal
cannula, or a supraglottal mask/tube. The present techniques may also be used to
monitor any patient benefiting from mechanical ventilation, e.g., positive pressure
ventilation. Further, the devices and techniques provided herein may be used to
monitor a human patient, such as a trauma victim, an intubated patient, a patient
with a tracheotomy, an anesthetized patient, a cardiac arrest victim, a patient

suffering from airway obstruction, or a patient suffering from respiratory failure.

FIG. 1 shows an exemplary tracheal tube system 10 that has been inserted
into the trachea of a patient. The system 10 includes a tracheal tube 12, shown here

as an endotracheal tube, with an inflatable balloon cuff 14 that may be inflated to
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form a seal against the tracheal walls. The tracheal tube 12 may also include a
pressure transducer 16 that is located within the inflated area of the cuff 14. In
certain embodiments, the pressure transducer 16 may be coupled by a cable 18 to a
connector 20 that may be coupled to a medical device, such as a ventilator 22 or a
monitor 30. Fluids in the tracheal space 24 may exert pressure on the cuff 14, for
example at an annular surface 26 of the cuff 14 that is exposed to the tracheal space
24, This in turn may influence the pressure measurements provided by the pressure

transducer 16.

The system 10 may also include devices that facilitate positive pressure
ventilation of a patient, such as the ventilator 22, which may include any ventilator,
such as those available from Nellcor Puritan Bennett LLC. The system may also
include a monitor 30 that may be configured to implement embodiments of the
present disclosure to determine pressures based upon the pressure detected within
the cuff 14 or another cuff, It should be understood that the monitor 30 may be a
stand-alone device or may, in embodiments, be integrated into a single device with,

for example, the ventilator 22.

The monitor 30 may include processing circuitry, such as a microprocessor
32 coupled to an internal bus 34 and a display 36. In an embodiment, the monitor
30 may be configured to communicate with the tube, for example via connector 20,
to obtain signals from the pressure transducer 16. In certain embodiments, the
connector 20 may also provide calibration information for the tube 12. The
information may then be stored in mass storage device 404, such as RAM, PROM,
optical storage devices, flash memory devices, hardware storage devices, magnetic
storage devices, or any suitable computer-readable storage medium. The
information may be accessed and operated upon according to microprocessor 32
instructions. In certain embodiments, calibration information may be used in
calculations for estimating of pressure in the lungs. The monitor 30 may be
configured to provide indications of the lung pressure, such as an audio, visual or
other indication, or may be configured to communicate the estimated lung pressure

to another device, such as the ventilator 22,
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FIG. 2A is a perspective view of an exemplary tracheal tube 12 according
to certain presently contemplated embodiments. The tube 12 may include a cuff 14
that may be inflated via inflation lumen 42. As shown in more detail in the detail
view in FIG. 2B, the cuff 14 may define an inflated space 48 that substantially
surrounds the pressure fransducer 16, which may be embedded in or otherwise
attached to an exterior surface 44 of a wall 45 of the tube 12. Leads 46 may

connect the pressure transducer 16 to connector 20.

The pressure transducer 16 may be any suitable pressure sensor that may
be integrated into or onto the exterior wall of the tube 12, For example, the
pressure transducer 16 may be a piezoelectric pressure sensor. The leads 46 may
be soldered or otherwise coupled to the pressure transducer 16 and may run along
the length of tube 12 to connector 20 in any suitable manner. For example, the
leads may be embedded within the wall 45 of the tube 12. In one embodiment, a
lumen may be extruded into the walls 45 of the tube 12 into which the leads 46
may be inserted. It should be understood that, while the pressure transducer 16
may be integrated into or onto the exterior wall of the tube 12, other contemplated
embodiments may involve a proximally located pressure transducer 16 that is in
fluid communication, for example through a lumen, with the inflated area 48 of the

cuff 12,

The connector 20 may be suitably configured to connect to a receiving port
on the monitor 30. The connector 20 may contain an information element, such as
a memory circuit, such as an EPROM, EEPROM, coded resistor, or flash memory
device for storing calibration information for the cuff 14. The connector may also
contain certain processing circuitry for at least partially processing signals from the
pressure sensor or for interacting with any memory circuitry provided. When the
connector 20 is coupled to the monitor 30, the information element may be
accessed to provide cuff calibration information to the monitor 30. In addition, the
connector 20 may facilitate providing pressure monitoring information to the
monitor 30. In certain embodiments, the calibration information may be provided
in a barcode that may be scanned by a reader coupled to the monitor 30,
Alternatively, the pressure transducer 16 may include a passive or active RFID

circuit that may be read wirelessly to convey pressure monitoring information and

8
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cuff calibration information to the monitor 30. In other embodiments, tube

identifying data, calibration data, and so forth may simply be entered manually.

The tube 12 and the cuff 14 are formed from materials having suitable
mechanical properties (such as puncture resistance, pin hole resistance, tensile
strength), chemical properties (such as biocompatibility). In one embodiment, the
walls of the cuff 14 are made of a polyurethane having suitable mechanical and
chemical properties. An example of a suitable polyurethane is Dow Pellethane®
2363-80A. In another embodiment, the walls of the cuff 14 are made of a suitable
polyvinyl chloride (PVC). In cettain embodiments, the cuff 14 may be generally
sized and shaped as a high volume, low pressure cuff that may be designed to be
inflated to pressures between about 15ecm H,O and 30cm H,O. However, it should
be understood that the intracuff pressure may be dynamic. Accordingly, the initial
inflation pressure of the cuff 14 may change over time or may change with changes

in the seal quality or the position of the cuff 14 within the trachea.

The system 10 may also include a respiratory circuit (not shown)
connected to the endotracheal tube 12 that allows one-way flow of expired gases
away from the patient and one-way flow of inspired gases towards the patient. The
respiratory circuit, including the tube 12, may include standard medical tubing
made from suitable materials such as polyurethane, polyvinyl chloride (PVC),
polyethylene teraphthalate (PETP), low-density polyethylene (LDPE),
polypropylene, silicone, neoprene, polytetrafluoroethylene (PTFE), or

polyisoprene.

While the intracuff pressure may be measured within a cuff 14 that
expands to form a seal against the tracheal walls of a patient, certain geometric
properties of such a cuff 14 may be influenced by the anatomy of the patient. For
example, depending upon the outer dimensions of the tube (i.e., the inner
dimensions of the cuff), and the inner dimensions of the trachea, different areas of
the surface 26 of the cuff may be exposed to the tracheal space 24. That is, the
annular area of the cuff between the tube and the trachea may vary. To reduce the
effect of patient anatomy variations on the intracuff pressure, an embodiment of a

tracheal tube 12, as shown in FIG. 3, may include a secondary cuff 50 that may be
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suitably sized and shaped so that, when inflated, the walls 52 of the secondary cuff
50 may not touch the walls of the trachea. Accordingly, the geometry of the
inflated secondary cuff 50 may be subject to little or no influence of the tracheal
anatomy. The secondary cuff 50 may include a pressure transducer 16 that is
capable of being coupled to the monitor 30 in the manner described above, either
through connector 20 or through a wireless connection. When the secondary cuff
50 is inflated, the pressure in the tracheal space 24 may influence the sensed

pressure within the secondary cuff 50.

When provided, the inflation volume of the secondary cuff 50 may be
smaller than that of the cuff 14, which is large enough to meet the walls of the
trachea when inflated. A typical sealing cuff 14 may be a high volume cuff
configured to have a diameter 54 at a widest point about 1.5X the size of an
average trachea, while the secondary cuff 50 may be configured to have a diameter
at a widest point of about 0.5X or less than the size of an average trachea. For
example, an adult trachea may range in size from 14 mm to 27 mm, with the
average being around 20. Accordingly, a secondary cuff may have an inflated
widest diameter 56 of less than about 10 mm, Iess than about 8 mm, or less than
about 5 mm, In embodiments, various sizes of tubes 12 and cuffs 14 may be used
for patients according to their physical characteristics. In one embodiment, the
secondary cuff 50 may be sized up or sized down in proportion to the size of the
tube 12. In one embodiment, because a calibration curve for a secondary cuff 50
may plateau above 40 cm H,O, the cuff 50 may be inflated to 40 cm HyO or less in
use, ot between 40 em HyO and 60 em H,0, which corresponds to the area of the
plateau. In other embodiments, the secondary cuff 50 may be inflated to any
suitable pressure, for example between about 10 cm H>0 and about 60 cm HyO, to

obtain pressure readings.

As noted, the secondary cuff 50 may experience reduced effects of patient
anatomy on intracuff pressure, which in turn may reduce patient to patient
variability in tracheal pressure effects on the intracuff pressure. In one
embodiment, a tube 12 may include a primary sealing cuff 14 with a first pressure
transducer 16, and secondary cuff 50 with a second pressure transducer 16. In such

embodiments, the intracuff pressure of the secondary cuff 50 may be used to

10
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calibrate the effects of individual patient anatomy on the primary cuff 14. For
example, both the primary cuff 14 and the secondary cuff 50 may be inflated to the
same initial intracuff pressure (e.g., 25 cm H;0). Any subsequent differences
between the intracuff pressure between the primary cuff 14 and the secondary cuff
50 may be at least in part attributable to patient anatomy effects. In certain
embodiments, the secondary cuff 50 may be only intermittently inflated to initially

calibrate primary cuff 14 and then for spot checks of the calibration.

FIG. 4 is an exemplary process flow diagram illustrating a method for
determining trachea pressure based upon cuff pressure. The method is generally
indicated by reference number 60 and includes various steps or actions represented
by blocks. It should be noted that the method 60 may be performed as an
automated or semiautomated procedure by a system, such as system 10. Further,
certain steps or portions of the method may be performed by separate devices. For
example, a portion of the method 60 may be performed by a pressure transducer
16, while a second portion of the method 60 may be performed by a monitor 30, In
embodiments, the method 60 may be performed continuously or intermittently for
long-term patient monitoring or at any appropriate interval depending on the

particular situation of the intubated patient.

According to a presently contemplated embodiment, the method 60 begins
with a measurement of intracuff pressure at step 62 by a transducer 16 associated
with a tracheal tube 12 that has been inserted into a patient, The pressure may be
communicated to the monitor 30 for further analysis. At step 64, the monitor also
receives calibration information from an information element or other storage
device associated with the connector 20. It should be noted that the monitor may,
of course, receive data or signals directly from the pressure transducer. At step 66,
trachea pressure is estimated from the intracuff pressure calibrated based on the

calibration information.

As noted, the relationship between the intracuff pressure and the tracheal
pressure may be used to estimate the trachea pressure. For example, a trachea

pressure value may be determined by the relationship:

Prrachea = f( Pcurr)

11
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where the trachea pressure is a function of the pressure in the cuff. In one
embodiment, the function may be solved to yield a calibration factor, r, that
represents the “gain” of the individual cuff (e.g., cuff 14 and/or secondary cuff 50)
and Pcypr is the monitored (e.g., sensed) intracuff pressure as measured by the
pressure transducer 16. In one embodiment, ¥ may be a ratio that defines the
relationship between sensed cuff pressure peak to peak and trachea pressure peak
to peak, where the peak to peak measurements are taken at a peak pressure of the
respiratory cycle. The value of the coefficient r may be determined during a
calibration phase of deployment of the tube, or may be a known value or set of
values determined for individual tubes, cuffs, or tube products incorporating
specific tube and cuff dimensions and materials. As noted above, such values may
be automatically acquired from the tube (e.g., from information stored in the
connector), or may be entered by scanning a barcode, or by manual input. Other
techniques for determining such values may include referencing from a lookup
table stored in the tube connector or in the monitor or ventilator, or even remote

from these (e.g., in a network-accessible device).

In one embodiment, the Pcurr rererencr), Which may be the initial inflation
pressure in the cuff or a reference pressure measurement taken at a minimum
pressure point in the respiratory cycle, may be used to determine which coefficient
t to select from a calibration curves for an individual cuff. Because the pressure
exerted on the cuff from the trachea may change over the respiratory cycle of
inhalation and exhalation, the Pcupr ®ererence) may represent the minimum
pressure exerted on the cuff after exhalation. The Peurr rersrencE) may be a
rolling average of a minimum pressure during a predetermined number of peaks
(e.g., five peaks). Because the pressure in the cuff may also change as a cuff
moves within the frachea, using the Peypr (RererencE) as a reference point may
account for such orientation and/or movement effects on the cuff. For example,
FIG. 5 is a plot 70 that shows examples of calibration curves for a set of cuffs of
the same geometry. The Peurr rererence) ont the x-axis 72 is plotted against the
gainr. As shown in FIG. 5, the y-axis 74 may be plotted against 1/r, from which r
may be determined. By using the Pcurr mererenc) that corresponds to the

particular cuff being used, the coefficient r may be determined. The coefficient r

12
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may then be used to determine a ratio relationship for the trachea pressure and the
monitored pressure in the cuff. In one example, the Prracuea /Peuer ratio, or the
gain factor r, may be 1.2 Accordingly, for a monitored intracuff pressure of30cm
11,0, the Trachea pressure achieved in the lungs may be 36 cm HO. In a presently
contemplated embodiment, for example, the trachea pressure may be a function of
the initially detected cuff pressure, which may be considered as an offset value, and
the continuously or periodically determined cuff pressure, such as by the

relationship:
Prracuea = tPcurr - Peurr (REFERENCE)

wherein Prracrma is the trachea pressure, Poypps is the cuff pressure sensed, and
Pcurr reserencE 18 an offset reference cuff pressure taken either right after inflation
or right after a breath cycle, and r is the calibration ratio of sensed trachea pressure

to cuff pressure (which, again, may be a fixed or varying value).

In practice, a series of relationships, which may be considered as “gain”
surfaces, may be defined in advance for a particular tube and cuff combination,
where each surface may be considered as “gain” curves. Each such combination
may be presented as a tube product available for use by a physician or technician.
The gain curves may establish relationships between the cuff pressure and the
trachea pressure, and may be stored and accessed in any suitable manner, such as
those discussed above. These curves may be derived from data such as that
represented in FIG. 5. Based upon the initially detected cuff pressure, then, one of
these curves or relationships is selected from among several available for an
individual tube and cuff combination. This selection, then, may determine the
coefficient r used subsequently to determine trachea pressure from measured cuff
pressure. In certain embodiments, this process may be simplified by simplification
of the relationship defining the “gain” coefficient (e.g, assigning a fixed value,
linearization of non-linear relationships, and so forth). In certain cases it may also
be possible to use a single coefficient for a tube product, and thus avoid selection

of the gain relationship upon initial intubation,

It should also be noted that in alternative embodiments, such as those using

a tube with a secondary cuff of the type described above, the process for trachea
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pressute determination may be further simplified. For example, in certain cases,
the transducer within a secondary cuff that does not contact the trachea walls may
be considered to represent the actual trachea pressure (or airway pressure) at the
location of the cuff offset by an inflation pressure of the secondary cuff. That is,
the pressure read by a transducer within the secondary cuff may be a sum of the
cuff pressure and the pressure exerted on the cuff by the air in the surrounding
airway. However, even when such secondary cuffs are employed, the actual airway
pressure may be attenuated somewhat by the mechanical operation of the cuff, and
a “gain” relationship may nevertheless be employed, as summarized above, to

provide a more accurate estimation of the airway pressure.

Monitor 30 may use the estimated trachea pressure to determine whether
the breathing system 10 is achieving compliance. In certain embodiments, the
estimated trachea pressure may be used to correct or adjust settings on a ventilator
22. For example, compliance may be associated with achieving target pressures in
the airway during ventilation. If the target pressures in the airway are not achieved,
the ventilator settings may be adjusted to increase or decrease the inspiratory
pressure. Further, the estimated trachea pressure may be used to determine
whether there is a blockage along the tube 12 by calculating the tube resistance
using the pressure measurements and flow measurements taken at points closer to
the ventilator 22, where a resistance increase may be indicative of a blockage or
change in diameter of the tube 12. The monitor 30 may be configured to provide a
graphical, visual, or audio representation of the estimated lung pressure. For
example, ventilation compliance may be indicated by a green light indicated on a
display, while a drop in pressure indicating a blockage in the tube 12 may trigger
an alarm, which may include one or more of an audio or visual alarm indication. In
one embodiment, the alarm may be triggered if the change in pressure is
substantially greater than a predetermined value, substantially less than a

predetermined value, or outside of a predetermined range.

The information encoded on an information element, for example
associated with the connector 20, may be encoded during a tracheal tube
manufacturing process. FIG, 6 is a process flow diagram illustrating a method for

determination of such information, for example in conjunction with a secondary
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cuff 50. The method is generally indicated by reference number 80 and includes
various steps or actions represented by blocks. At step 82, a tracheal tube is
coupled to a device that inflates the attached cuff 50 over a series of inflation
pressures. The device may include a pneumatically sealed chamber or other
surrogate for determining the pressure in the space outside the cuff. At step 83, the
cuff 50 and the device may be set so that the pressures are substantially equal. At
step 84, the pressure in the calibration device is cycled (e.g., incrementally) through
a range of pressures (for example, ranging from about 20 to about 100 cm H,0)

while the pressure inside the cuff is measured during the cycling.

At step 86, the cuff is inflated to a new equal pressure with the calibration
device (e.g., an increment of 5 cm or 10 cm H,O greater than the pressure used at
step 83). Pressure measurements inside the cuff are taken while the calibration
device is cycled through a range of pressures at step 88. Steps 86 and 88 may be
repeated any number of times with different cuff pressures used each time. A
secondary cuff 50 may be inflated up to 60 cm Hy0, in particular because the cuff
50 does not contact the trachea walls, so higher inflation pressures relative to a
sealing cuff 14 may be used. In this manner, the cuff 50 may be calibrated for a

range of pressures inside the cuff as well as for a range of trachea pressures.

FIG. 7 is a perspective partial cutaway view of an example of such a calibration
chamber 92. The calibration chamber may define a space 94 that may be enclosed
and kept at a known pressure. One or more tracheal tubes 12 may be installed
within the space. The cuffs 50 may be inflated via inflation lines 42 to a series of
pressures. At step 86, the pressure inside the cuff 50 may be monitored and, at step
88, the relationship between the known pressure in the space 94 and the sensed
pressure for an individual cuff 50 may be determined or, alternatively may be
stored as raw data for subsequent processing or analysis. The relationship
information over a series of cuff pressures may be stored on a memory circuit
associated with the tube 12 (or otherwise, as described above), as indicated at step
90. In such an arrangement, the relationship between cuff pressure and outside
pressure may be determined on an individual tube basis, Similar calibrations may
be made for products or families of tubes, such as by size, or by combinations of

particular tubes and cuffs. By obtaining information about the r factor for different
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tracheal pressures as well as intracuff pressures, r may be extrapolated even in

situations were the calibration factor is non-linear.

For calibration information relating to a cuff 14 that contacts a trachea, the
calibration information may take the form of a family of empirically determined
calibration curves, with each curve relating to a particular cuff/tube combination
within a particular tracheal diameter. The family may involve curves for a number
of different tracheal diameters. FIG. 8 is a process flow diagram illustrating a
method for determination of such information for a cuff 14. The method is
generally indicated by reference number 100 and includes various steps or actions
represented by blocks. At step 101, a tracheal tube is coupled to a calibration
device that may include a pressurized chamber and a plurality of model tracheas of
different diameters. At step 102, a tracheal tube is inserted into a model trachea
(e.g., a glass or acrylic tube) of a given diameter and coupled to a device that is
capable of inflating the attached cuff 14 over a series of inflation pressures within
the model trachea of a given size, At step 103, the cuff 14 and the device may be
set so that the pressures are substantially equal. At step 104, the pressurized
chamber is cycled through a range of pressures and measurements of the cuff
pressure are taken, for example at predetermined increments, via pressure
transducer 16. At step 106, the pressure inside the cuff 14 and the calibration
device may be reset to equal pressure, starting at an incrementally larger cuff
pressure as compared to the pressure used in step 103. Pressure measurements
inside the cuff 14 are taken while the calibration device is cycled through a range
of pressures at step 108. The method 100 may [oop back to step 106 any number
of times to repeat the process at different starting equal pressures of the cuff 14 and
the calibration device. The relationship information over a series of cuff pressures
may be stored on a memory circuit associated with the tube 12 (or otherwise, as
described above. The process may return to step 102 one or more times to repeat
the process for the tube 12 for a model trachea of a different diameter. In this
manner, the cuff 14 may be calibrated for a range of pressures inside the cuff 14

and the trachea as well as for a range of tracheal diameters.

For example, FIG. 9 shows a plot of a family of calibration curves with the

gain on the y-axis 122 and the reference pressure on the x-axis. The curves are

16



WO 2010/141415 PCT/US2010/036817

10

15

20

25

30

specific to an individual tube 12 for different diameters of model tracheas. Curve
126 corresponds to a tracheal diameter of 20mm while curve 128 corresponds to a
tracheal diameter of 25mm. A given tube size may be calibrated with model
trachea of diameters corresponding to a recommended trachea range for that size.
For example, a 7.5mm tube may be recommended for use with trachea of diameters
ranging from 20mm-25mm. Accordingly, the calibration information for a 7.5mm
tube may include a calibration curve at 20mm and one at 25mm and may also

include curves for intervening tracheal sizes in that range.

The tube 12 may be inserted into a patient and the information stored on the
memory circuit may be accessed. While the diameter of a patient’s trachea may not
be known, comparing the reading of airway pressure directly after intubation to the
measured cuff pressure should allow a monitor 30 to select the appropriate curve.
The airway pressure should be relatively close to (e.g., within 2% of) the tracheal
pressure at early points in the intubation life of the cuff 14, before any buildup has
accumulated on the tube 12. Based on the measured pressure in the cuff and the
airway pressure, the monitor 30 may select the trachea surface corresponding to a
closest tracheal diameter for the individual patient, or may interpolate between two
tracheal inner diameter curves. The selected curve may then be used for the entire

intubation with that tube 12 for that patient.

The above calibration techniques assume that the gain for each individual
cuff/tube combination is linear over a range of pressures. In certain embodiments,
such an assumption may have a negligible impact on the calculated trachea
pressure (e.g., less than 10% variation from actual trachea pressure when assuming
the gain is linear). However, the relationship between the gain of a particular cuff
and the cuff pressure may be more complex, and the complexity may be accounted

for when calculating the trachea pressure based on measured pressure inside a cuff.,

For the case of a secondary cuff 50 that is assumed not to contact the walls
of the trachea, a calculation that may take into account variations in gain over a
range of cuff pressures is illustrated by the method 130 shown in FIG. 10. At step
132, a reference pressure, the Pcurr rersrEncs), may be obtained by measuring the

pressure in the inflated cuff 50 at expiration. At step 134, the Pcyrr rererENCE) MAy
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be used to select a set of potential gain values. For example, such values may be
selected from a plot 150 of gain curves (shown as curves 152, 154, and 156) shown
in FIG. 11, that correspond to the particular tube/cuff combination. The plot 150
shown is a plot of gain on the y-axis and Pcyrr rererence) on the x-axis, The set of
gain values 158, cach of which represents a different gain, may correspond to
particular Poygr pressures during the breath cycle. At step 136, the Pcupr pressure
during the breath cycle may be sampled. From the measured Pcyrr pressure, the
gain is selected from the set of points 158 at step 137. After the gain is know, the
tracheal pressure may be estimated as discussed herein at step 138. The method
130 may cycle between steps 136 and 138. In one embodiment, the method 130
may also return to step 132 to reestablish the Pcurr rererence) at any point during
respiration of the patient. The information in the gain curves 152, 154, and 156
(which may be any suitable number of curves) is collected during calibration of the
cuff 50. For example, the measured Peupr rerrrencey may be measured as 20 cm
11,0. The gain points (e.g., points on the plot 150 corresponding to 20 cm H,0)
may represent different inflation pressures of the cuff 50 gathered while the
calibration device chamber was set to a tracheal pressure corresponding to the
Peurr rererencr) of 20 em HyO. Further, the correspondence of the gain values
158 to measured Peypr pressures may also be established during calibration. The
correspondence of the calibration information (e.g., the gain values) to the
measured Peygr pressures may be calculated from a previously determined (and/or

stored) function, or may be established by using a lookup table or plot.

For the case of a cuff 14 that is inflated to contact the walls of the trachea, a
calculation that may take info account variations in gain over a range of cuff
pressures is illustrated by the method 160 shown in FIG. 12. At step 162, which
may take place directly after intubation, a patient may go through at least one-two

breath cycles.

The relationship between the pressure at the ventilator and the pressure in
the trachea may be expressed as Prracnea = Pyent/o. The pressure in the airway at
the ventilator may be used to estimate the tracheal pressure (where o is a constant
that is known and may be stored by the tube 12 or the monitor 30). Once tracheal

pressure is determined, the Peypr pressure may be used at step 166 to gstimate the
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tracheal diameter and select from among groups of gain curves. At this point, the
Pcurr rererencE) may be sampled at step 167. Using the Pcurr rererence), the set
182 of gain values may be selected at step 168 from the plot 180, shown in FIG,
13, of groups of gain cutves, whereby each group is associated with a different
5 {racheal diameter. As shown, group 184 is associated with 20mm, group 186 is
associated with 23mm, and group 188 is associated with 25mm. When the group is
selected, for example group 184, the set 182 may correspond to particular Peysr
pressures for the cuff 14 during the breath cycle. At step 169, the Pcyrr pressure
during the breath cycle may be sampled. From the measured Pcyrr pressure, the
10 gain is selected from the set of points 182 at step 170 and the trachea pressure is
determined at step 172 based on the gain and the Poygr pressure as discussed
herein. Curves 190 192, and 194 represent the gains at different calibration
pressutes for a single tracheal diameter. As in the calibration for the secondary
cuff 50, the method 160 may cycle between steps 169 and 172. In one
15  embodiment, the method 160 may also return to step 167 to reestablish the Peyrr
(REFERENCE) al any point during respiration of the patient. Further, the calibration
information for the cuff 14 may be collected, stored, and processed as provided

herein.

While the disclosure may be susceptible to various modifications and

20  alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the embodiments previded herein are not intended to be limited to
the particular forms disclosed. Indeed, the disclosed embodiments may not only be
applied to measurements of tracheal tube pressure, but these techniques may also
25  be utilized for the measurement and/or analysis of the cuff pressure for any medical
device inserted into a patient’s airway. Rather, the various embodiments may
cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the disclosure as defined by the following appended claims.
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a tracheal tube comprising a conduit configured to be inserted into the
trachea of a subject, an inflatable cuff surrounding the conduit and configured to
contact the trachea of the subject, a pressure transducer associated with the cuff,
and an information element associated with the tracheal tube; and

a processor configured:

receive information related to a pressure in the cuff;
select a relationship from a plurality of relationships between the
pressure in the cuff and the trachea pressure; and

determine the trachea pressure based upon the selected relationship.

2. The system of claim 1, wherein the selected relationship is a

function of the pressure in the cuff,

3. The system of claim 1, whetein the trachea pressure is determined
by multiplying the pressure in the cuff by a ratio of a lung pressure to the cuff

pressure that is determined by the selected relationship.

4, The system of claim 3, wherein the lung pressure is determined by
subtracting the reference cuff pressure from the product of the sensed cuff pressure

and the ratio.

5. The system of claim 3, wherein the lung pressure is determined by
an algorithm that implements an equation generally of the form:
Pr=1Pcs - Pco,
wherein Py is the trachea pressure, Pcs is a cuff pressure monitored during
respiration of the subject, Pc, is a reference cuff pressure, and r is a ratio of lung

pressure to sensed cuff pressure.
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6. The system of claim 5, wherein the reference cuff pressure is the
initial inflation pressure of the cuff or the lowest pressure seen in the breathing

cycle after ventilation has begun.
7. The system of claim 5 wherein the ratio is a non-constant value.

8. The system of claim 7, wherein the ratio varies with monitored cuff

pressure during respiration of the subject,

9. The system of claim 7, wherein the ratio is a function of a

relationship between the tracheal tube and the trachea of the subject.

10. A system for determining trachea pressure comprising:

a tracheal tube comprising a conduit configured to be inserted info the
trachea of a subject, an inflatable cuff surrounding the conduit and configured to
contact the trachea of the subject, a pressure transducer associated with the cuff and
an information element associated with the tracheal tube; and

a processor configured to determine a cuff pressure once the cuff is inflated
based upon a signal from the transducer and information from the information
element, and to determine lung pressure based upon a relationship between the cuff

pressure and the lung pressure.

11.  The system of claim 10, wherein the information element comprises
a memory circuit storing a plurality of relationships, and wherein the processor is
configured to determine the lung pressure based upon a selected one of the

relationships.

12.  The system of claim 11, wherein the selected relationship defines a

ratio between the cuff pressure and the {rachea pressure.

13.  The system of claim 12, wherein the ratio is determined by selecting

a point on a calibration curve representative of the reference cuff pressure.
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14.  The system of ¢claim 12, wherein the ratio varies with monitored

cuff pressure during respiration of the subject.

15.  The system of claim 12, wherein the ratio is a function of a

relationship between the tracheal tube and the trachea of the subject.

16. A tracheal fube comprising:

a conduit configured to be inserted into the trachea of a subject;

a first inflatable cuff disposed on the conduit and configured to contact the
trachea of the subject;

a second inflatable cuff disposed on the conduit, wherein the second
inflatable cuff is configured to be smaller than a tracheal diameter at a widest point
when the second inflatable cuff is inflated; and

a pressure transducer associated with the second inflatable cuff.
17.  The tracheal tube of claim 16, comprising a memory circuit storing
data representative of a relationship between a pressure in the second inflated cuff

and a trachea pressure.

18.  The tracheal tube of claim 17, wherein the memory circuit is

associated with a connection or cable on the tracheal tube.

19. The tracheal tube of claim 16, wherein the pressure transducer is

disposed in the cuff,

20.  The tracheal tube of claim 16, wherein the pressure transducer is

located outside the cuff and is in fluid communication with the cuff.

22



WO 2010/141415 PCT/US2010/036817

1/10
/30
10—\
P MASS STORAGE
( (
22\ 39 7 40
VENTILATOR 34
DISPLAY N—36
18
% CONNECTOR
12 n-

FIG. 1



WO 2010/141415 PCT/US2010/036817

46

FIG. 2B

42



PCT/US2010/036817

WO 2010/141415

3/10

1

¢ Ol

AR A A AR SRR SR A

14

'
VAR SR AR L A AT A A A L L N

99

91

|

| WA AT AT AN AN A AN A A

S I I

4

S SR W

.

VAR A AR SRR A YA AL N AL LAV R L L A e

1

{
71

!
ve

\

0S

[

/NH



WO 2010/141415 PCT/US2010/036817

4 /10

MEASURE INTRACUFF
60~ PRESSURE N—62

ACCESS CUFF CALIBRATION
INFORMATION ~— 64

FIG 4 DETERMINE PRESSURE IN THE LUNGS
‘ BASED ON THE CALIBRATION INFORMATION N— 66
AND THE MEASURED PRESSURE

80~ COUPLE TUBE TO
CALIBRATION DEVICE [M—82

START WITH EQUAL PRESSURE
IN CUFF AND CALIBRATION DEVICE [~~—83

CYCLE THROUGH SEVERAL CALIBRATION
FIG 6 CHAMBER PRESSURES AND GATHER N— g2
. RESULTING PRESSURE INSIDE CUFF

— | NEW EQUAL PRESSURE IN CUFF
AND CALIBRATION DEVICE ~— 86

CYCLE THROUGH SEVERAL CALIBRATION
CHAMBER PRESSURES AND GATHER R g0
RESULTING PRESSURE INSIDE CUFF




WO 2010/141415 PCT/US2010/036817

5 /10
— SAMPLE 1
----- SAMPLE 2
—w=n= SAMPLE 3
= e 11t 4 1 o 1 o L 1
<C
(&
74~
S l
0 40
72 REF. PRESSURE (cmH,0) FIG. 5
1
TRACHEA D
20mm
___ TRACHEA ID
25mm
e R
5 (
128
0
12 ,  REF.PRESSURE (cmHp0) FIG. 9



WO 2010/141415 PCT/US2010/036817

6 /10




WO 2010/141415 PCT/US2010/036817

7 /10

COUPLE TUBE TO
101—] CALIBRATION DEVICE

COUPLE TUBE TO CALIBRATION |«
TUBE OF KNOWN DIAMETER
WITHIN CALIBRATION DEVICE

102—

START WITH EQUAL PRESSURE
103~ IN CUFF AND CALIBRATION DEVICE

CYCLE THROUGH SEVERAL CALIBRATION
CHAMBER PRESSURES AND GATHER

104—
RESULTING PRESSURE INSIDE CUFF

START WITH EQUAL PRESSURE
106— IN CUFF AND CALIBRATION DEVICE

i

CYCLE THROUGH SEVERAL CALIBRATION
CHAMBER PRESSURES AND GATHER
RESULTING PRESSURE INSIDE CUFF

108—

FIG. 8



WO 2010/141415 PCT/US2010/036817

8 /10

130 ~

132 —| MEASURE REFERENCE PRESSURE IN CUFF

134 —| SELECT SET OF POTENTIAL GAIN VALUES

MEASURE CUFF PRESSURE
136 DURING BREATHING CYCLE

DETERMINE WHICH GAIN VALUE FROM
137 SET CORRELATES TO MEASURED CUFF
PRESSURE TO DETERMINE THE GAIN

USE GAIN TO ESTIMATE TRACHEAL
138—  PRESSURE FROM MEASURED CUFF
PRESSURE

FIG. 10



WO 2010/141415 PCT/US2010/036817
9/10
1 e
158
152
J
= 154
5
)
156
0 REF. PRESSURE (crmH, 0) FIG. 11
180
———TRACHEA ID
-\ 20mm
...... TRACHEA ID
23mm
————— TRACHEA ID
190 25mm
= =192
<C {
o 194
_____________________ 186
......................... 188

1
——
! B Pt d St [ ek ] e )

40
REF. PRESSURE (cmH»0) FIG ]-3



WO 2010/141415 PCT/US2010/036817

10 /10
160~
PATIENT GOES THROUGH 1-2
162~ BREATH CYCLES

ESTIMATE TRACHEAL DIAMETER BASED
ON RELATIONSHIP BETWEEN AIRWAY

166 —] PRESSURE AND TRACHEA PRESSURE AND
SELECT CORRESPONDING GROUP OF GAINS

167 —| MEASURE REFERENCE PRESSURE IN_CUFF

168 —{ SELECT SET OF POTENTIAL GAIN VALUES

MEASURE CUFF PRESSURE .
169 DURING BREATHING CYCLE

DETERMINE WHICH GAIN VALUE FROM
170~ SET CORRELATES TO MEASURED CUFF
PRESSURE TO DETERMINE THE GAIN

USE GAIN TO ESTIMATE TRACHEAL
172—{  PRESSURE FROM MEASURED CUFF
PRESSURE

FIG. 12



INTERNATIONAL SEARCH REPORT

Internationat application Ng

PCT/US2010/036817

. CLASSIFICATION OF SUBJECT MATTER

N R IMI670a = Ab 185/085

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classitication symbols)

A6IM A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of data base and, where practical, Search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5 752 921 A (ORR JOSEPH A [US])

19 May 1998 (1998-05-19)

the whole document

column 2, line 55 - column 2, line 57
column 2, line 61 - column 2, line 64;
claim 1

X DE 102 13 905 Al (GOEBEL FRED G [DE]
MICROCUFF GMBH [DE]})

10 October 2002 (2002-10-10)

the whole document

X,P WO 2010/046874 A2 (HOSPITECH RESPIRATION
LTD [IL]; DEUTSCH ISRAEL [IL]; EFRATI SHAI
[IL]) 29 April 2010 (2010-04-29)

the whole document

1-15

1-15

D Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

"A* document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international e
filing date

invention

"T" later document published after the intemational filing date
or priority date and not in conflict with the applicatlon but
cited to understand the principle or theory underlying the

document of particular relevance; the. claimed invention
cannot be considered novel or cannot be considered to
"L* document which may throw doubts on pricrity ciaim(s) or involve an inventive step when the document is taken alone

European Patent Office, P.E. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk

which is cited to establish the publication date of another *y* document of . . i f :
g - oy particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered 1o involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-

other means ments, such combination being obvious to a person skilled
“P* document published prior to the international filing date but inthe art.

later than the priority date claimed "&" document member of the same patent family
Date of the actual compietion of the international search Date of mailing of the intemational search report

2 August 2010 12/11/2010

Name and mailing address of the ISA/ Authorized officer

Tel. (+31-70) 340-2040, .
sz:((t«m-m)) 340-3016 Valfort, Cyril

Form PCT/ISA/210 (second sheet) (April 2005)




Internationat application No.

INTERNATIONAL SEARCH REPORT PCT/US2010/036817

Box No. [l Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were fimely paid by the applicant, this international search report covers al} searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional tees, this Authority did not invite payment of
additional foes.

3. As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable prolest
fee was not paid within the time limit specified in the invitation.

I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 {continuation of first sheet (2)) (April 2005)




International Application No. PCT/US2010 /036817

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21(

This International Searching Authority found multiple {(groups of)
inventions in this international application, as follows:

1. claims: 1-156

A system for determining trachea pressure with a processor
configured to determine the trachea pressure based on the
pressure measured in a first cuff of an endotracheal tube.

2. claims: 16-20

A system for determining trachea pressure based on the
pressure measured in a second inflatable cuff of an
endotracheal tube.




INTERNATIONAL SEARCH REPORT

Information on patent family members h,:g,ll_ /U S 2 or]r.o / 0 36N;1 7
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5752921 A 19-05-1998  NONE
DE 10213905 Al 10-10-2002 US 2003000526 Al 02-01-2003
WO 2010046874 A2 29-04-2010 NONE

Form PCT/ISA/210 (patent family annex) (Aprit 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report

